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Abstract 
Surface Enhanced Raman Spectroscopy is fast gaining popularity as a technique for diagnosing diseases. From the 
biomedical perspective, the advantages of SERS include amount of sample for analysis is minimal; preparation for 
spectroscopy is minimal; analysis is simple and fast; test is non-destructive and easily reproducible. However the quality of 
Raman spectra obtained from SERS analysis is highly dependent on the substrate types. Characteristics of an ideal SERS 
substrate are maximum intensity enhancement, less deviation in enhancement, stable for a long shelf time and clean enough 
to study weak adsorbates. This paper describes the characterization of SERS substrates for salivary based analysis. The 
nano-scale characteristics of two SERS substrate types are compared against a Raman substrate using AFM, FE-SEM and 
Raman spectrometer. Enhancement to the analyte peak intensity is found with Klarite® and gold substrates. Both depicts 
background peaks in common at raman shift of 330cm-1, 412 cm-1, 526cm-1, 636cm-1 , 688 cm-1, 1344 cm-1, 1538 cm-1 and 
2784cm-1. The peak intensity of Klarite® is higher than gold substrate at all Raman shifts mentioned. For salivary based 
analysis, since the concentration of analyte will be low, Klarite® and gold coated slide is considered better substrate than 
quartz slide. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of 
Humanoid Robots and Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, Universiti Teknologi MARA. 
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1. Introduction 
Raman scattering is a photonic phenomenon discovered by C.V. Raman and K.S Krishnan in 1928 [1]. Raman spectra 
emanate from vibration frequencies of molecules. This produces fingerprint at a molecular level, enabling identification up 
to a single molecule. However, this signal is extremely weak, causing Raman spectra not well received, until the discovery 
of Surface Enhanced Raman Spectroscopy (SERS) [2].  
In 1974, a group of researchers from the Chemistry Department of Southampton University discovered a strong Raman 
scattering from pyridine adsorbed on an electrochemically roughened silver electrode [2], which is again reported by other 
independent groups of researchers 1977. Proposal of an enhancement mechanism based on electromagnetic and chemical 
effects [3-4] is thus initiated, which resulted in SERS [5]. The advent of SERS instantly receives wide acceptance as 
analysis technique for a broad range of applications, such as food technology [6] drug screening [7-8], photographic 
sciences [9], bio-molecules [10-11] and medical [12-13]. 
Quality of the SERS spectra is found to be highly dependent on the substrate [14] and laser wavelength [15]. Salivary 
based detection methods reported are found to use laser source with 633nm and 785nm wavelength [16-18] and power less 
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than 20mW. However, the substrates used are found to differ, depending on the disease type being investigated, without 
proof. So far, there has not been work on substrate type appropriate for salivary based disease detection. Our work here is 
the first to analyse the nano-scale properties of three candidate substrate types and systematically select one that is most 
appropriate for our application. First, the physical structure of the substrate types is examined with nano-scale 
characterization devices such as Atomic Force Microscopy (AFM) and Field Effect Scanning Electron Microscope (FE-
SEM) Then, the molecular photonic attributes of the substrate types are further investigated with Raman spectrometer. The 
results thus obtained assist in the selection of an appropriate substrate for salivary based disease detection. 
2. Raman Spectroscopy 
Raman Spectroscopy is a mean to study the structural property of solid, liquid and gases, on a molecular level, from its 
scattering spectrum. This will then offer a detail biochemical fingerprint, useful for identifying unknown molecule [1]. In 
Raman spectroscopy, when the laser light makes impact with the molecules, the molecules vibrate on gaining energy, with 
the consequence of light being scattered. The scattering of light consists of elastic and inelastic scatter as shown in Figure 1. 
Elastic scatter (or aka Rayleigh scatter) refers to light scattered at the same frequency of the incident laser beam, while 
inelastic scatter (or aka Raman scatter) exhibits radiation with different frequencies. The difference in frequency is a result 
of absorption and release of energy during the molecular vibration [1]. Raman spectrum displays the variation in intensity of 
inelastic scattering as a function of difference in energy between the incident and the scattered photons. The difference 
between the initial and final vibration energy levels determines if the scattered photon is losing energy (stokes) or gaining 
energy (anti-stokes), analogous to the case in potential difference. The resultant spectrum thus is characterized by a shift in 
wavelength (cm-1) known as Raman shift. The intensity of peaks corresponds to the amount of scattered photon detected at 
the specific frequency shift. Every molecule has a unique Raman spectrum, which can be adopted as its very own molecular 
fingerprint [19]. Since the amount of inelastic scattering is infinitesimally small relative to that of  elastic scattering, i.e. a 
ratio of 1 in 106 to 1 in 1010, hence the Raman signal is found to be extremely weak [20].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Analyte molecules are bounded to metal nano- particles  before being exposed to laser beam. Raman spectral is the frequency shift between the 
incident on the left and the scattered laser light on the right.  
Figure 2: Jablonski diagram showing Rayleigh, Fluorescence and Raman phenomena 
In SERS, the Raman signal is amplified to a useable range, by binding the molecules to the surface of noble metals, 
popularly silver, gold and copper. The amplification is a result of electromagnetic field enhancement and chemical 
enhancement produced by laser excitation on a roughened metal surface, as molecules are bounded onto metal nano-
particles (MNP), influencing the incident and scattered lights. The electromagnetic enhancement is said to contribute to two-
third of the enhancement in intensity [15]. As photon of suitable laser wavelength strike an enhanced surface, the 
conduction electrons oscillate collectively to produce a large electromagnetic field on the surface, known as the localized 
surface plasmon resonance (LSPR) phenomenon. Each molecule within the electromagnetic field vibrates differently, 
depending on its molecular bond, causing different Raman shift with higher intensity [15]. The chemical enhancement is 
brought on by the charge transfer rate between the noble metal and the adsorbed molecules [3]. However, detail on its 
mechanism is still unclear and being investigated. SERS, made possible with the integration of the latest in optical sensing 
technology and nanotechnology, overcomes the shortcoming of Raman spectroscopy. It has empowered the Raman 
spectroscopy to be competent even to conduct spectroscopy of up to a single molecule [21-22]. With strong intensity data 
within its means, that produces high sensitivity and specificity, SERS has demonstrated to be capable of detecting biological 
molecule such as proteins [10], DNA [23-24], RNA [25] and even the entire pathogen [26-28]. From the biomedical 
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perspective, the advantages of SERS include amount of sample for analysis is minimal; preparation for spectroscopy is 
minimal; analysis is simple and fast; test is non-destructive and easily reproducible [19, 29-30]. 
A practical shortcoming of the Raman signal from SERS is fluorescence contamination. Rayleigh scattering, Raman 
scattering and fluorescence emission are light phenomena of similar origin. In Raman analysis, if the adsorbed molecules 
provide sufficient energy for excitation photon to experience absorption process to the next electronics states, fluorescence 
emission will take place. This occurrence is depicted in the electronic transition energy level diagram shown in Figure 2. If 
the fluorescence emission is generated, it will contaminate the Raman spectrum since it is stronger. The use of near-IR 
785nm laser is found to be able to reduce the fluorescence emission radically [31]. Besides laser wavelength, the size, 
shape, inter-particle spacing of the molecules and the dielectric environment of substrate will also affect the vibration 
activity of the enhanced surface [14, 25], which determine quality of the Raman signal from SERS. 
3. Methodology 
Our study starts with the selection of three substrate types, namely quartz, gold and Klarite®. All substrates are used as 
received. The nano characterisation of these substrates are then analysed with AFM, FE-SEM and Raman spectrometer with 
785nm wavelength of incident light. 
3.1. Substrates 
Quartz slide is a Raman substrate manufactured by Tedpell from GE 124 type high purity fused quartz material. The size 
of the quartz slide is 1"x1" with 0.25mm thickness. 
Gold coated slide is a SERS substrate manufactured by Tedpella. The supporting base plane is a high quality soda-lime 
glass standard microscope slide. The slide is coated with 50nm of gold (Au). A 5nm thickness of chromium (Cr) adhesion 
layer is sandwiched between the glass slide surface and the gold coating. Both Cr and Au are evaporated on the glass slide 
using a vacuum evaporation system. The gold surface is not atomically flat. In fact, it is corrugated, with height in 1nm 
range. The gold slides are auto-clavable. 
Klarite® is an active SERS substrate, developed by D3 Technologies Ltd. The substrate is fabricated using a silicon 
fabrication process. Firstly, a silicon diode mask is defined using optical lithography on an oriented silicon wafer. Then 
potassium hydroxide (KOH) anistophic wet-etching is used to etch the planes. This differential etching results in an array of 
inverted pyramids, demonstrating high reproducibility and uniformity. Following the fabrication of the underlying silicon 
surface, approximately 100nm of gold (Au) is deposited onto the surface. It is designed for one time use and packed in a 
vacuum packaging to avoid degradation [32]. 
3.2. Instruments 
AFM is a form of scanning probe microscope, which is capable of producing 3D-profile of surface at magnifications over 
one million times. It is able to produce more topographical information than optical or scanning electron microscopes. For 
our work, the AFM XE-100 Park System is used together with XEI software to characterize the topographic details of the 
substrate surface. 
Our analysis with FE-SEM is conducted with JEOL JSM-7600F FE-SEM. The image produced is a 2D-profile of the 
substrate at different magnification.  
A Perkin Elmer TM 400 Dispersive Raman Spectrometer together with the SpectrumTM software is used in our study. It 
has a 785nm near-infrared diode laser source. Raman scattering signals are detected by a 1024×256 pixels CCD array 
detector. The measurement is conducted with an external fiber optics probe, a detection range from 200 to 3000cm-1 in the 
extended mode, 10 seconds exposure time and 2 to 30mW laser power (maximum at 250mW).  
4. Results and Discussion 
4.1. Nano Surface Profile Characterization with FE-SEM 
The reproducibility of Raman spectra measurement using solid state substrate is said to be dependent on uniformity of 
the substrate surface. To investigate the surface structure of the substrate types, FE-SEM images of the substrates are 
acquired and examined.  
Figure 3(a) and (b) shows the images of Klarite® from FE-SEM. It is observed that the Klarite® active areas consist of 
uniform inverted pyramids outlined from photolithographic process, as indicated in the manufacturer specification [33]. 
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From Figure 3(b), the size of the pyramid base is measured to be approximately 1.5nm2 while the internal wall of the 
pyramids is observed to be coated by uniform size of gold nano-particles sizing approximately 50nm, which is larger than 
the 20nm as reported in the manufacturer specification [33]. 
The FE-SEM image of the gold coated slide is shown in Figure 3(c). The shapes of the gold nano-particles coating the 
slide are not uniform with sizes varying from 40nm to 100nm. The nano-particles look densely packed. The sample is also 
found to be easily burnt, yielding dark patches on the FE-SEM image. 
Analysis of blank quartz slide does not give useful information. The image depicts a blank gray area. This is because FE-
SEM requires the specimen to be electrically conductive. 
 
 
 
 
 
 
 
 
 
 
 
                                       (a)                                                                                      (b)                                                                               (c) 
Figure 3. FE-SEM images of Klarite® and Gold coated slide. 
4.2. Nano Cross-Sectional Profile Characterization with AFM 
 Figure 4(a) shows the 3D view of a Klarite® substrate. Using XEI software from ParkSystem, the entire original image is 
flattened to reveal a more informative view. The image shows a wafer like structure, where the hot spot of the substrate can 
be found at the bottom part of the valley.  
The surface topology, which includes the surface roughness (Ra) and the average surface height (Rz), is measured for 
analysis. For the Klarite® substrate, they are measured at 26.47nm and 188.5nm respectively. The cross-sectional profiles of 
Klarite® surface in height, along the cutaway lines in Figure 4(b), are shown in Figure 4(c) and Figure 4(d) respectively. 
They are uniform, similar to finding from FE-SEM images as shown in Figure 3(a) and Figure 3(b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: (a) 3D view, (b) 2D view, (c) and  (d) Cross sectional  profile of Klarite® 
Figure 5: (a) 3D view, (b) 2D view, (c) and (d) cross sectional profile of gold coated slide 
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Figure 5 shows the images of a gold coated slide from analysis with AFM after flattening. The density of the nano-
particles can be observed to be much higher than Klarite®, concurrent to finding from FE-SEM image as shown in Figure 
3(c). Figure 5(c) and Figure 5(d) show the height of nano-particles along the cutaway sections indicated by the two lines in 
Figure 5(b). They are uneven, with the average surface height (Rz) of 4nm to result in an average surface roughness (Ra) of 
0.55nm. This supports finding from image as shown in Figure 3(c), from analysis with FE-SEM. 
4.3. Raman Analysis 
A good solid state substrate must exhibit a clean background in order to produce prominent peaks for weak analyte. It is 
necessary to ensure that the background peaks obtained from a blank substrate must not overlap with the analyte peaks and 
the intensity of the peaks are not exceedingly high for detection of a low concentration analyte.  
The photonic characterization of each substrate type is obtained using Raman spectrometer with laser source of 785nm 
wavelength, an exposure time of 10 seconds at the same spot repeated for 3 times and laser power of 125mW. To improve 
the spectra, baseline removal is enabled. Figure 6 shows the Raman spectra obtained for the three substrate types.  
Figure 6(a) shows the spectrum of a blank quartz slide, the spectrum displays an unclean background, tainted with 
seriously contaminated fluorescence effect, showing no observable prominent peaks.  
Both Klarite® and gold slide are deposited with gold nano-particles, to act as the Raman scattering enhancer. As such, the 
spectra of blank Klarite® and blank gold coated slide show prominent peaks at 330cm-1, 412 cm-1, 526cm-1, 636cm-1 , 688 
cm-1, 1344 cm-1, 1538 cm-1 and 2784cm-1. However, the intensity of peaks for both substrate types at similar Raman shifts 
exhibit big differences. The peak intensity of Klarite® is higher than that of the gold coated slide, showing that the 
enhancement factor of Klarite® is higher, as a result of its relatively more uniform structure, examined with AFM and FE-
SEM, as in Figure 3 and Figure 4. It is found also that the peak intensity of the Klarite® substrate is inconsistent, with 
measurement taken at different spots. This is due to the inverted pyramid structure of the Klarite®. Different spots produce 
different LSPR effect, resulting in different intensity of Raman peaks. The intensity of Raman spectra is found to be highest 
at hot spots of Klarite®, i.e. bottom part of the valley of wafer as shown in Figure 4(a). 
 
 
 
 
 
 
 
 
                     (a)                                                                  (b)                                                                (c) 
 Figure 6. : Raman spectra of (a) Quartz slide, (b) Gold coated slide and (c) Klarite® 
5. Conclusion 
The characterization of the substrates is essential to SERS analysis since the quality of an analyte Raman spectrum is 
highly dependent on the substrate used. This paper studies the characterization of substrates with the use of nano-scale 
characterization devices, AFM, FE-SEM and Raman spectrometer. The surface profile, cross-sectional profiles and photonic 
features of three substrate types, on a nano-scale, are studied and compared. For the Raman substrate quartz slide, the non-
contact mode AFM is found unable to produce its cross-sectional profiles, with it being non-resistive. Its FE-SEM image 
displays a smooth surface profile. Both evidently point to the fact that the nanostructure of quartz slide structure is flat and 
smooth. The Raman spectrum of quartz slide does not exhibit prominent peaks, but high intensity of fluorescence 
background. For the enhanced substrates, Klarite® and gold coated slide, enhancement to the analyte peak intensity is 
observed, as a result of their uniform nano-sized structures. The Klarite® and gold coated slide depicts background peaks in 
common at raman shift of 330cm-1, 412 cm-1, 526cm-1, 636cm-1 , 688 cm-1, 1344 cm-1, 1538 cm-1 and 2784cm-1, since both 
use gold materials as the nano-particle enhancer. Being relatively more uniform, it is found that the peak intensity of 
Klarite® is higher at all Raman shifts mentioned. Due to the difference in LSPR effects on the inverted pyramidal structure 
of Klarite®, it found that the intensity of Raman peaks at different spots varies. The highest intensity is at the hot spots. For 
salivary based disease detection, since the concentration of analyte will be low, Klarite® and gold coated slide is considered 
better substrate than quartz slide. 
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